The MSR collects information on the quality of acute stroke care as part of the Centers for Disease Control and Prevention Paul Coverdell National Acute Stroke Registry. 3 Hospitals were selected through a stratified complex sampling scheme (based on geography, urban versus rural setting, and minority status [black versus white]) to obtain a representative statewide sample of hospitals providing acute stroke care. Human subjects' approval was obtained from the Michigan Department of Community Health institutional review board. Each hospital was responsible for complying with its own institutional review board process before starting data collection. Because of the quality improvement focus of the project, the requirement for individual patient consent was waived. During 2007, 20 hospitals were Background-Accurate case ascertainment is essential for clinical registries to be valid and representative. We assessed case ascertainment in the Michigan Stroke Registry by linking to a statewide hospital discharge database (Michigan Inpatient Database [MIDB]). Methods and Results-In 2009, all ischemic stroke cases submitted by 30 registry hospitals were linked to ischemic stroke discharges (International Classification of Diseases, Ninth Revision code 433.x1, 434.x1, or 436) in the MIDB. Databases were linked using hospital, age, sex, and admission date. The MIDB was regarded as the gold standard. To assess completeness, we calculated the percent difference between the number of cases entered in the registry relative to the MIDB. To quantify accuracy, we defined sensitivity as the proportion of cases identified in the MIDB that were matched to the registry and positive predictive value as the proportion of cases identified in the registry that were matched to the MIDB. Before data linkage, 4 hospitals were known to be using a case sampling approach. The remaining 26 registry hospitals submitted 21% fewer cases (n=3403) than were found in the MIDB (n=4340). The overall sensitivity was 68.8% (95% confidence interval, 76.4%-79.3%), and positive predictive value was 87.7% (95% confidence interval, 87.4%-89.8%). The sensitivity of case ascertainment was significantly lower in teaching hospitals and primary stroke centers but was higher in the sites that used prospective case ascertainment methods. Conclusions-Among registry hospitals, these results revealed relatively high levels of completeness and accuracy.
A ccurate case ascertainment in clinical registries is essential to obtain valid and representative information. 1 Although complete and accurate case ascertainment is recognized as essential, only a minority of cardiovascular disease-based registries report conducting case audits. 2 The Paul Coverdell Acute Stroke Registry is a multistate hospital-based registry and quality improvement program that is overseen by the Centers for Disease Control and Prevention. 3 Data on the completeness of case ascertainment in hospitals participating in the Paul Coverdell Registry are lacking. Barriers to completing case ascertainment audits include cost, time, and lack of a suitable external gold standard to identify eligible cases. Audits may also be complicated by the fact that some hospitals do not submit all their cases to the registry, relying instead on case sampling algorithms, such as those developed by the Joint Commission. 4 The aim of this study was to assess the completeness and accuracy of ascertainment of ischemic stroke cases in the Michigan Stroke Registry (MSR), a participant in the Centers for Disease Control and Prevention Paul Coverdell Acute Stroke Registry, 3 by comparing MSR data with the Michigan Inpatient Database (MIDB), an administrative database of all hospital discharges in the state. recruited as part of the first stage of the registry, and by the beginning of 2009, the registry had been expanded to 36 hospitals. The current analysis uses data from the 2009 calendar year.
MSR: Case Identification
Participating hospitals were instructed to identify all acute stroke admissions using prospective case ascertainment (ie, active surveillance) or retrospective case ascertainment (ie, passive surveillance using International Classification of Diseases, Ninth Revision [ICD-9] discharge codes) or a combination of both approaches. 5 As part of an annual inventory survey, registry hospitals identified which of these 3 case ascertainment mechanisms they used in 2009. Four registry hospitals with large annual stroke caseloads (>300 cases) obtained permission from the registry to submit only a sample of their 2009 acute stroke cases. Three of these hospitals used a sampling approach designed by the registry that ensured sufficient precision of their estimated quality indicators, whereas the other hospital used a Joint Commission sampling scheme. 4 Six of the original 36 registry hospitals were excluded from this analysis: 5 were excluded because they did not consistently submit data during the 2009 calendar year and 1 was excluded because they did not correctly implement the registry's case definition for acute stroke which resulted in invalid data (this hospital received additional training to improve coding practices after the issue was discovered). For the remaining 30 hospitals, all acute ischemic stroke cases entered into the registry between January 1 and December 31, 2009 were included in the analysis. To be eligible for the registry, these cases had to have a final clinical diagnosis of ischemic stroke and a principal ICD-9 discharge code of ischemic stroke defined as 433.x1, 434.x1, or 436. Patients aged <18 years, in-hospital stroke events, and cases admitted for elective stroke-related procedures (ie, any elective revascularization procedure including endarterectomy) were not included in the registry.
All registry hospitals entered data into the Get With The Guidelines-Stroke Patient Management Tool. 6 The Patient Management Tool collects data on arrival and admission, initial symptoms, demographics, medical history, in-hospital procedures, treatments, and complications, as well as discharge instructions and treatments. Data were entered by staff involved directly in patient care or by chart abstractors-all of whom were required to participate in the training sessions provided by the data vendor on the use of the Patient Management Tool. To monitor data accuracy, regular site visits were conducted by registry personnel and data from a sample of cases were reabstracted and reviewed at each site. A reliability study undertaken in 2009 by an independent auditor reabstracted 153 data elements from 366 randomly selected charts. The overall agreement between hospital and auditor values was 87.6%, and 60% (n=90) of the elements had agreements of ≥90%. The final clinical stroke diagnosis had a 93% agreement.
Michigan Inpatient Database
The MIDB is a statewide database of all discharges from all acute care, non-Veterans Administration hospitals in the state. 7 The 2009 database included 152 hospitals. All adult ischemic stroke discharges during the 2009 calendar year were identified using principal ICD-9 discharge codes: 433.x1, 434.x1, and 436. To identify only acute stroke admissions, we first excluded all admissions described as elective and then excluded any remaining cases with a length of stay of <2 days who had a principal procedure code that indicated a carotid revascularization procedure was performed (ie, 00.61, 00.63, 38.02, 38. 12, 38.22, 38.3, 38.41, 38.42, 88.41) .
Data Linkage and Analysis
The completeness of case ascertainment by registry hospitals was determined by comparing the number of ischemic stroke cases entered into the registry with the number of ischemic stroke case found in the MIDB, thus the MIDB was regarded as the gold standard. To quantify completeness, we calculated the percent difference between the number of cases entered in the registry relative to the number of cases in the MIDB:
To determine accuracy of case ascertainment in the registry, case data in the registry and MIDB databases were then linked using the following 4 variables: hospital identification (ID) number, age (in years), sex, and admission date. 8 Subjects were deemed matched only if they were concordant on all 4 variables (ie, deterministic matching). Data linkage was performed using the PROC SQL procedure in SAS Version 9.2. To quantify the accuracy of case ascertainment conducted by each registry hospital, we defined the following 2 measures using the linked data:
Sensitivity=the proportion of ischemic cases in the MIDB that were matched to the respective registry hospital.
WHAT IS KNOWN
• A nagging question about hospital-based registries is whether hospitals submit data on all eligible patients and whether incomplete case ascertainment leads to an important level of selection bias. • Despite the importance of accurate case ascertainment, only a minority of cardiovascular diseasebased registries report conducting case audits, in part because audits are time consuming and expensive to conduct and there is often no suitable gold standard to identify true eligible cases.
WHAT THE STUDY ADDS
• This study used an imperfect gold standard (a statewide inpatient database) to undertake a case ascertainment audit of hospitals participating in the Michigan Stroke Registry (a participant in the Paul Coverdell National Acute Stroke Registry). • This study found that 26 registry hospitals reported ≈20% fewer stroke cases than were found in the inpatient database, but when 3 hospitals that had switched over to case sampling were excluded, this deficit decreased to only 12%. • These data provide a strong rationale for conducting audits even when using an imperfect gold standard. Positive predictive value (PPV)=the proportion of ischemic cases identified by each registry hospital that were matched to the MIDB.
Using the binomial approximation, we generated 95% confidence intervals (CIs) for all measures. Results are presented according to the hospital's reported case ascertainment mechanism, that is, prospective, retrospective, or combined approach. We also determined whether the accuracy of case ascertainment (ie, sensitivity and PPV) varied significantly across different hospital characteristics, that is, teaching status, primary stroke center status, and hospital size (number of licensed beds).
Finally, to assess the potential for selection bias attributable to incomplete linkage that resulted from the deterministic matching algorithm, we compared patient characteristics between those cases that were successfully matched and those that were not within both the registry and MIDB databases.
Results
Among the 30 registry hospitals included in this analysis, 57% (n=17) were primary stroke centers, 60% (n=18) were teaching hospitals, and 47% (n=14) were both primary stroke centers and teaching hospitals. Thirteen (43%) hospitals were classified as large (>300 beds), 6 (20%) medium (100-300 beds), and 11 (37%) small (<100 beds). Initially, 4 hospitals were known to be using a sampling approach and so were removed from the primary analysis. The remaining 26 hospitals submitted a total of 3403 acute ischemic stroke cases to the registry, which was 937 fewer than the 4340 total acute ischemic stroke discharges found in the MIDB ( Figure) ; the overall percent difference was negative 21.6% ([3403-4340]/4340× 100%). Following data linkage, a total of 2986 cases were matched between the 2 databases; thus, the overall sensitivity of the registry was 2986 of 4340 or 68.8% (95% CI, 67.4%-70.2%), and the PPV was 2986 of 3403 or 87.7% (95% CI, 86.6%-88.8%). Tables 1 and 2 show the linkage results for the 26 registry hospitals that did not identify themselves as sites that were using a case sampling approach (and thus were assumed to be submitting all of their acute ischemic stroke admissions). The hospitals are organized according to the 3 case ascertainment mechanisms; 6 hospitals reported using prospective case ascertainment and 11 reported using retrospective case ascertainment methods (Table 1) , whereas 9 used the combined approach ( Table 2) . There was substantial variation in the percent differences, sensitivities, and PPVs measured at the individual hospital level. Although the overall percent difference was negative 21.6% (Table 2) , the percent differences varied substantially across individual hospitals from negative 86% (hospital q) to positive 25% (hospital x). However, it should be noted that these large percent discrepancies were associated with relatively small differences in absolute numbers (12 for hospital q, 35 for hospital x). Nine hospitals (b, d, e, f, m, p, x, y, z) entered ≥25 fewer cases than were identified in the MIDB, and 3 hospitals (p, y, z) had substantial discrepancies in case numbers of −231, −175, and −153, respectively. Hospital-specific sensitivity rates also varied widely from 14% (hospital q) to 100% (hospital r), as did hospital-specific PPVs from 55.6% (hospital f) to 100% (hospitals q and r). It should be noted, however, that these extreme values were associated with the smaller hospitals where modest absolute differences translated into large relative differences. We excluded 4 hospitals that had <25 stroke cases in the MIDB (ie, hospital j, o, q, and r) but found that the results in Tables 1 and 2 were essentially unchanged. Table 3 summarizes the percent differences, sensitivities, and PPVs by different hospital characteristics (ie, teaching status, primary stroke centers, bed size, case ascertainment mechanism) for the 26 hospitals. The sensitivity of case ascertainment was significantly lower at teaching hospitals and primary stroke centers but was significantly higher at sites using prospective case ascertainment. There were no significant differences in PPVs, except by ascertainment mechanism.
Data on the percent differences, sensitivities, and PPVs for the 4 hospitals that were known to be using a case sampling approach before the evaluation was conducted are shown in Table 4 . All 4 hospitals had a large number (between 279 and 420) of ischemic stroke discharges recorded in the MIDB. The overall sensitivity of 39.7% indicates that less than half of the cases discharged by these 4 hospitals were entered into the registry.
After further investigation of the 3 hospitals (p, y, z) with substantially lower registry case numbers compared with the number of cases in the MIDB (ie, 231, 175, and 153 fewer cases, respectively), it was determined that these sites had, unbeknownst to registry staff, begun using a case sampling approach during the 2009 calendar year. If these 3 hospitals are dropped from the overall analysis, then the overall percent difference is reduced to only −12.2% ([2728-3106]/3106× 100%), whereas the overall sensitivity increased to 77.8% (95% CI, 76.4%-79.3%) and the overall PPV to 88.6% (95% CI, 87.4%-89.8%).
In the MIDB, there were statistically significant differences between matched and unmatched cases in age and length of stay ( Table 5 ). The proportion of unmatched cases was slightly lower in patients aged >80 years, and the length of stay was slightly longer in unmatched cases compared with matched cases. There were also some differences by ICD-9 code and discharge disposition, but these were only marginally significant (P=0.06). In the registry data, the only significant difference observed between matched and unmatched cases was for sex; the proportion of unmatched cases in the MSR was slightly higher in women compared with men (13.6% versus 10.9%), but this difference was not seen in the MIDB. Overall, these findings suggest that the matching process did not lead to any important selection bias.
Discussion
Our findings indicate that hospitals fully participating in the MSR entered ≈20% fewer acute ischemic stroke cases relative to the number found in the hospital discharge database. However, the matching process revealed wide hospital-level variability in both the completeness and accuracy of case ascertainment. The matching process also identified 3 hospitals that had substantial discrepancies in the absolute number of ischemic stroke cases (>150) which on further investigation revealed that these hospitals had switched to using a sampling approach. When these 3 hospitals were dropped from the analysis, we found that the remaining 23 hospitals participating in the MSR entered ≈12% fewer acute ischemic stroke cases relative to the number in the discharge database. These findings illustrate the value of conducting periodic case ascertainment audits. The assessment of the completeness and accuracy of case ascertainment is an essential step in the evaluation of any clinical registry. 1 It is advised that assessment be undertaken during the early development phases of a registry and repeated periodically thereafter to ensure that accuracy is maintained. [9] [10] [11] This process is especially important in the context of quality improvement registries where the potential for bias in the selection of cases into the registry (whether occurring insidiously or otherwise) remains a distinct possibility. 12 The relative advantages and disadvantages of using prospective versus retrospective case ascertainment in acute stroke registries has been of central interest since their development. 13 Whether the advantages of prospective case ascertainment, which potentially include more complete and accurate case ascertainment, are sufficient to justify the added costs is unclear. A previous population-based epidemiological study compared active (ie, prospective) and passive (ie, retrospective) methods of surveillance and concluded that because active case ascertainment was more accurate it was the method of choice providing sufficient resources were available. 14 Across the 3 case ascertainment mechanisms (prospective, retrospective, or combined approach) examined in our study, we found that completeness (ie, sensitivity) was higher at the sites that used prospective methods. We also confirmed that the retrospective method, which requires the least amount of additional clinical staffing, was relied on almost exclusively by small hospitals. This current study builds on our prior work that assessed the accuracy of acute stroke case definitions used during the development phase of Michigan's acute stroke registry. 15 This prior study used an independent physician panel to determine whether cases entered into the registry met the case definition of acute stroke used by the Paul Coverdell Registry. We found that hospital teams were able to accurately identify suspect stroke admissions, successfully determine those that represented acute stroke cases, and assign an appropriate stroke subtype. Overall, we found that registry hospitals had a tendency to under-report rather than over-report acute stroke admissions. 15 By using an external data source (ie, the MIDB), the current study extends this work by assessing the completeness of case ascertainment and in determining the concordance between case identification in the 2 databases. Of course, it is well recognized that hospital-based administrative data that use ICD-9 discharge codes to identify acute stroke discharges do not represent a perfect gold standard. Several studies have been undertaken to quantify the accuracy of hospital discharge data for stroke in the United States [16] [17] [18] These studies have generally found that the sensitivity and specificity of acute stroke codes are fair to good (ie, ≈75%-90%), and because the sensitivity and specificity estimates (which reflect false-negative and false-positive cases, respectively) tend to be about equal, the overall total number of cases identified also tends to equal out. However, discrepancies in the accuracy of ICD-9 coding likely contributed to the differences in case numbers observed between the 2 data sources in our study, as does the fact that even though the same ICD-9 codes (433.x1, 434.x1, or 436) were used to define ischemic stroke, the registry included the additional requirement that cases had to meet the Coverdell clinical case definition for ischemic stroke which required the treating physician to confirm that acute ischemic stroke was ultimately responsible for the admission. 19 Other reasons for incomplete case ascertainment that contributed in the variability observed at the individual hospital level may have included staff turnover, temporary absence of staff (because of sickness, vacations, or change in duties), misunderstanding of the registry's case definition for acute stroke, and incomplete active surveillance efforts.
There are some limitations to our approach. First, 6 of 36 registry hospitals (16%) were excluded because of incomplete data submission (n=5) or errors in the implementation of the registry's case definition (n=1). Second, some of the hospitals participating in our registry were rural sites with small caseloads which resulted in imprecise estimates of case completeness and accuracy. Third, the deterministic matching algorithm is not completely accurate and likely contributes to the imperfect sensitivity and PPV estimates. However, such algorithms have been shown previously to produce high-quality linked data, 8 and our own analysis indicated that the matching process did not lead to any meaningful level of selection bias in either database. Finally, 4 hospitals were excluded from the main analysis because they were known to be using a case sampling approach before the start of the evaluation, and an additional 3 hospitals were identified as using case sampling after large case discrepancies were investigated further. The goal of our registry is to obtain an accurate representation of all stroke admissions occurring in the participating hospitals. If the sampling fractions used at each of these hospitals were known, then it would be possible to weight the data (using the inverse of the sampling fraction or probability) 20 so that it can be combined with the rest of the registry. Unfortunately, the hospitals undertaking case sampling in our study were not all able to define (with accuracy and confidence) their sampling fraction or the size of the initial patient population from which they selected cases. Thus, we were unable to include their data in the main analysis. It is obviously essential that the registry be able to accurately describe each individual hospital's sampling method, so that it can be determined whether the specific case sample is representative of the hospital's underlying patient population whose size should be known with certainty. These principles are well explained in sampling protocols, such as those used by the Joint Commission 4 ; however, the challenge is that the monitoring of the sampling approach used is left primarily to the hospitals themselves.
In the context of quality improvement registries where there is strong potential for selection bias, these data illustrate the value of monitoring case ascertainment using an external data source, even though the data source is not the ideal gold standard.
Matching registry data to hospital discharge data identified hospitals that had switched to using a case sampling approach, but in the remaining hospitals that continued to enroll all cases, the results revealed high levels of completeness and accuracy.
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